* 


I I i i i I 


NASA CR. 159441-1 
AiResearch 31-2935-2 



1 

I 


FINAL REPORT 


ANALYSIS, DESIGN, FABRICATION 
AND TESTING OF THE 
MINI-BRAYTON ROTATING UNIT 

(MINI-BRU) 

VOLUMF II - FIGURES AND DRAWINGS 


by F. X. Dobler. et al 


AIRESEARCH MANUFACTURING COMPANY OF ARIZONA 
A DIVISION OF THE GARRETT CORPORATION 
Phoenix, Arizona 

Prepared for 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


NASA Lewis Research Center 
Contract NAS3-18517 


'k*’ 


, 'Vv 

vfr . V T 


( sc ' 


■(' ' n -n - r.' luii 1 - *) ' ‘ ’ r ^ T'-i, 

. f,. fr r,; to! r, •’ r rn - • • ^ . <->n 

(rv I : 

n ■ A w ! I'V'jtoT f 

r ; i . M ■ :> -l., rn . ^ l* I ^ ^ ^ l i ■'. ) ' ' 




’tn<: 1 'ij'. 

/; -t . M 




o 


f 






1 


ANALYSIS, DESIGN, FABRICATION 
AND TESTING OP THE 
MINI-BRAYTON ROATING UNIT 
(MINI-BRU) 


INTRODUCTION 


This volume contains the figures and drawings reference in Voi.ume 

I. 





t • r . i.. 


* - I . 1 • 1 - - 1 ... 1 » f - ; ..,1 «■) • r;.>T 1^:7. ^ ^ 

. u 


LIST OP ILLUSTRATIONS 


Figu re 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Mini-BRU 

Major Component Partr. of Mini-BRU 

Mini-BRU Unit AssembJori 

Mini-BRU Coolinq Scheme 

Mini-BRU Design Point - 7200 . 

t 

Mini-BRU at 4800 


Mini-BRU at 2400 W. 


Compressor Stage Aerodynamic Detail Design Logic 
Mini-BRU Compressor Meridional Flowpath . . . . 
Mini-BRU Compressor Inlet Velocity Distribution 

Mini-BRU Compressor Hub Loading 

Mini-BRU Compressor Shroud Loading 


Mini-BRU Compressor Blade, Air Angle 
Distributions 


Mini-BRU Compressor Leading Edge Incidence . . 

Mini-BRU Impeller 

Compressor Impeller Vector Diagrams 

Compressor Diffuser Flowpath 

Diffuser Channel Aspect Ratio Definition . . . 

Peak Pressure Recovery Versus Aspect Ratio . . 

Incidence Angle Versus Diffuser Loss 
Coef f icient 

Mini-BRU Compressor Diffuser Effectiveness 
Comparison 


Pago 

1 

n 

3 

4 

5 

6 

7 

8 
9 

10 

n 

12 

13 

14 

15 

16 

17 

18 
1 P 

20 

21 


XI 


i I 


i — I — ) i ! 'wJLrf' 


II 


LIST OP ILLUSTRATIONS 


Figure 


Page 

22 

Mini-BRU Compressor Tandem Diffuser 
Circumferential Positioning 

22 

23 

Mini-BRU Compressor Impeller-Original 
Design 

23 

24 

Mini-BRU Compressor 2-Stage Radial Diffuser 
(before assembly) 

24 

25 

Compressor Map of the Original Mini-BRU 
Compressor 

25 

26 

Mini-BRU Compressor - Test 1, Stage and 
Impeller Total-to-Total Pressure Ratio; 
Impeller Total-to-Static Pressure Ratio, 
100% N//9 in Krypton 

26 

27 

MiiU-BRU Compressor - Test 1, 100 Percent 
N// 0 in Krypton Work Input Distribution 

27 

28 

MiiU-BRU Compressor - Test 1, 100 Percent 
N//0in Krypton Stage Efficiency Distribution . . 

28 

29 

Mini-BRU Compressor - Test 1, 100 Percent 
N//e in Krypton Impeller Efficiency 
Distribution , . 

29 

30 

MiiU-BRti Compressor - Test 1, 100 Percent 
N//Cin Krypton Diffuser Loss Coefficient 
Distribution 

30 

31 

MirU-BRU Compressor - Test 1, 100 Percent 
N//0in Krypton Diffuser Loss Coefficient 
Distribution 

31 

32 

Mini-BRU Compressor - Test 1, 100% N//e in 
Krypton Impeller Exit Plow Angle Distribution. . 

32 

33 

Mini-BRU Compressor - Test 1, 100 Percent 
N //0 in Krypton Impeller Exit Mach Number 
Distribution (inside blade) 

33 

34 

Minj.-BRU Compressor - Test 1, 100 Percent 
N//t) in Krypton Impeller Slip Factor 
Distribution ... 

34 


iii 


5 



J 


I 


] 


] 


! _j . j_ 


f 


f 

f 



1 1 i [ 


f . 

I ^ ! I 1 



\ 


f 


LIST or ILT.UtLrRATTONS (Contd) 


FJ tjure 


3 5 

Mini -nut! Compressor - Teat 1 With Krvi-iton 
ImpollPi: Shroud Diul l ibution 

3 5 

J6 

Mini-RRll Compresa«.>r - Teat J, nil fuser 

Meunl'ue V, lUst ribut ion with Krypton 

b 

36 

37 

MLni-BRU Compresaor - Teat lA, 70% in 

Arqon, Reynolds Number Kf Coots on Perfornuinoo . . 

37 

38 

MLni-BRU Compressor - Test lA, 70% in 

Arqon, Reynolds Number IlC foots on Performance . . 

38 

39 

Mini-BRU Compressor Effect of Impeller Backface 
Clearance and Plow Rato 

39 

40 

Mini-BRU Compressor Effect of Tip Diameter 
Chanqe Reijuired to Achieve Orii)inal Dosiqn 

40 

41 

Mini-BRU Compressor Effect of Tip Diameter 
Clianqo Rot.|uired to Achieve Oriqinal Dowiqn 

41 

42 

Mini-BRU Compressor Cycle Trade-Of f-Requirod 
Compressor Efficiency Increase vs Compressor 

42 

43 

Mini-BRU Compressor Impeller Rematchinq Study 
Based on Test 1 I'erCormance Data 

43 

44 

MLni-BRU Compressor Impeller Rematchinq Study 
Based on Test 1, Performance Data 

44 

45 

Mini-BRU Compressor Impeller Rematchinq Study 
Based on Test 2, Performance Data 

45 

46 

Mini-BRU Compressor Impeller Meridional 
Plowpath With Recontouri'd Shroud 

4f) 

47 

MinL-BRU Comp>ressor Inli't Meridional 

t’lowriath \«iLh Recontoured Shroud 

47 

48 

Mini-BlUI Compri'ssor Shioiul l.oadinq 

l>i s 1 r Lbul ionr^ 

4 8 

49 

M i ni -IhUl Com} )!*muuu* l!ul> Lotul i hli 
D i s i i Lm 1 i 

49 


IV 


LIST OF ILLUSTRATIONS (Contd) 




F j.(juvo 


Page 

‘;n 

Miiii-BRU Compressor Incidence Distribution .... 

50 

SI 

1.5/3 KW Test Rlij DiMuser Vane 

51 

52 

Mini-BRU Compressor Tandem Diffuser 

Circumferential Positioninq 

52 

53 

MERDC 3 KW Vanod Diffuser Test Results 

53 

54 

Compressor Diffuser Flowpath 

54 

55 

Contour Diffuser Vane Compressor Test Rig . . . . 

55 

56 

Mini-BRU Compressor Redesigned Diffuser Area 

56 

57 

Mini-BRU Compressor Redesigned Diffuser Pressure 
Rise Recovery Distribution 

57 

58 

Mini-BRU Compressor Redesigned Diffuser Shape 

58 

59 

Mini-BRU Compressor Diffuser Final Redesign 

59 

60 

Mini-BRU Compressor Elbow for Redesicned Vaned 

60 

61 

Mini-BRU Compressor Elbow Area Distribution . . • 

61 

62 

Deswirl Vanes for Redesigned Diffuser 

, 62 

63 

Mini-BRU Compressor Doswirl Vane Velocity 
Triangles for Redesigned Vaned Diffuser 

. 63 

64 

Mini-BRU Compressor Vaneless Diffuser in Krypton 
Recontoured Impeller » Tost 2, First-Stage 

. 64 

65 

Redos i^jned Radial Di if user • . . 

. 65 

66 

Mini-BRU Compressor Stage Performance in Krypton, 
Single-Stage Diffuser, Test 3, First Stage . . . 

. 66 

67 

Mini-BRU Compressor, Test 3, Staije and Impeller 
Total- to-Total Pressure Ratio; Impeller Static- 
tO“ Total Pressure Ratio 

. 67 


V 













LIST OF ILLUSTRATIONS (Contd) 


F lquro 

68 


69 


70 

71 


72 


73 


74 


75 

76 

77 

78 

79 


Mini-BRU Compressor, Tost 3, 100% N//tT in 
Krypton (Nominal Clearance) Work Input 
Distribution 

Mini-BRU Comprossor, Tost 3, 100% N//U in 


Krypton (Nominal Clearance) Stage Efficiency 
Distribution 69 

Mini-BRU Compressor, Tost 3, 100% n/O in Krypton 
Impeller Efficiency Distribution 70 

Mini-BRU Compressor, Test 3, 100% N//0 in Krypton 
(Nominal Clearance) Diffuser Loss Coefficient 
Distribution 71 

Mini-BRU Compressor, Tost 3, 100% N//0 in Krypton 
(Nominal Clearance) Diffuser Loss Versus 
Impeller Exit Flow Anglo 72 

Mini-BRU Compressor, Tost 3, 100% N^/O in Krypton 
(Nominal Clearance) Impeller Exit F ow Angle 
Distribution 73 

Mini-BRU Compressor, Test 3, 100% N//e in Krypton 
(Nominal Clearance) Impeller Slip Factor 
Distribution (Including bl blk) 74 

Mini-BRU Comt ssor. Tost 3, 100% N//? in Krypton 
Impeller Pg Distribution 75 

Mini-BRU Compressor Stage Performance in Krypton 
Clearance Data, Test 3A, First Stage 76 

Mini-BRU Compressor, Tost 3A, Effect of Clearance 
cn Stage Performance .......... 77 

Mini-BRU Compressor, Test 3A, Effect of Clearance 
on Impeller Performance 78 

Mini-BRU Compressor, Test 3A, Effect of Clearance 
on Diffuser Performance 79 


80 Mini-BRU Compressor Stage Performance in Krypton, 

Reynolds Number Data, Tost 3B, First Stage .... 80 

81 Mini-BRU Compressor, Tost 3B, Effect of Reynolds 

Number on Staije Performance 81 

82 Mini-BRU Compressor, Test 3B, Effect of Rc'ynolds 

Number on Impeller Performance 82 


VI 


LIST OF ILLUSTRATIONS (Contd) 


t 




Fiquro 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 

102 

103 

104 

105 


Mini~URU Compronr.or, Test 3B, Kffcct of Reynolds 
Number on niffuser Performance 

Composite Turbine Performance 

Turbine Cl<'arance Effects on SLatjo Performance. . 

Mini-DRU Turbine Stator Exit Angle Selection 
Criteria 

Preliminary Turbine Vector Triangles 

Rotor Design Logic 

Mini-BRU Turbine Final Plowpath Description. . . 

Mini-BRU Turbine - Final Blade Angle 
Distribution 

Calculation Stations Within the Turbine Rotor. . 

Loss Distribution for Turbine Rotor 

Pressure Ratio Effects on the Radial Loss 
Distribution 

Overall Loss at the Rotor Exit Station ..... 

Final Turbine Vector Triangles 

Mini-BRU Rotor Shroud Streamline Loading .... 

Mini-BP.U Rotor - 50 Percent Streamline Loading . 

Mini-BRU Rotor-llub Streamline Loading 

Front View of Turbine 

Net Thrust With Scalloping 

Effects of Backface Clearance on Scalloped 
Rotor Performance 

Design Logic for Inlet Stators 

Mini-BRU Stator Assembly ..... 

Beta DistributLon tor Mini-BRU Stators 

Inlet Stator fioading 


Pa 

8 

8 

8 

8 

8 


8 

9 

9 

9 

9 

9 

9; 

9i 

9' 

91 

9! 

10 ( 

lo; 

lo; 

lo: 

10 ‘ 

10 ^ 


vi i 





LIST OP ILLUSTRATIONS (Contd) 

Figure 

106 Annular Difl‘un«r Performance Opt. Area 

Area Ratio for Fixed liongth 

107 Mini-nRU Diffuser 


P ago 

.106 

107 


108 Comparison of Calculated Displacement 

Thicknesses 108 


109 Mean Gas Conditions at Several Turbine Locations. 109 


110 Mini-BRU Turbine, Final Plow Path Description . . 110 

111 Turbine Test Rig Installation and Instru- 
mentation Configuration m 


112 Fully Instrumented Tu,rbine Plenura/Nozzle/ 

Shroud Assembly 112 

113 Mini-BRU Astroloy Turbine Wheel (machined) .... 113 

114 Mini-BRU Turbine Test Rig Complete with 180° 


Bifurcated Inlet Ducts 114 

115 Mini-BRU Turbine Component Instrumentation 

Layout 

116 Rotor Throat Dimensions 116 

117 Mini-BRU Turbine Stator Flow Test 117 

118 Mini-BRU Turbine Cold Air Test ip versus F 

(Total-Total) . . . ng 

119 Mini-BRU Turbine Cold Air Test ij) Versus F 

(Total-Wheel Exit Static) . . . . 119 

120 Mini-BRU Turbine Cold Air Test i(' Versus F 

(Total-Diffuser Exit Static) , . . , 120 

121 Mini-BRU Turbine Cold Air Tost Efficiency 

Versus Pressure Ratio for % =60 121 

122 Mini-BRU Turbine Cold Air Test Efficiency 


Versus Pressure Ratio for I N//o" =80 122 


123 Mini-BRU Turbine Cold Air Test Efficiency 

Versus Pressure Ratio for % N//if = 100 123 

124 Mini-BRU Turbine Cold Air Test Efficiency 

Versus Pressure Ratio for % N//3’ = 110 124 


V I i i 


■ ' ' MJii 







I * v|. '5- W {[..« 




B>T g i rts w rr . l y,Ky?Tq^?alfi^,^»y^vg¥rT.r,« Ty.tmJ 


mmm 


Fiyure 


LIST OP ILLUSTRATIONS (Contd) 


Mini-BRU Turbino Cold Air Tor.l: Con.octod 
Plow Vornun pronnuro Ratio 


Turbino Pcrfojinancc in IIoXo, 


Turbine Performance in IleXo, 


Turbino Performance in lloXc 


Turbine Performance in IleXe. 


Turbine Performance in lleXc, 


Effect of Axial Clearance for 100 Percent Speed 


Effect of Axial Clearance on Efficiency. . . . 


Turbine Clearance Effects on Stage Performance 


Static Pressure Measurements 


Mini-BRU Diffuser. 


Local Static Pressure Distribution in the 
Diffuser 


Local Static Pressure Recovery in Turbine. . . 


Foil Journal Bearing Nomenclature. 


Foil Thrust Bearing, 


Thrust Bearing Spring 


Bearing Shape. 


Thrust Rotor 


Engine Assembly Mini-Bray ton Rotating Unit, 
Turboalternator 


Mini-BRU Rotating Group Bearinii Spacing, 


Foil Hearing Spring Rato, Ib/'l 




Page 


Mini-BRU Bearing P/N 3(>U418J-2, 8 Teflon-S Foils, 
(i.O Mil (Total) Thick, 0.77 in. Long x 0.57 in. 
Radius, 1.0705 in. Carr. /O. 008 in. SS 






IJ.ST OF TIJ.nSTRATTONS (Contd) 

Fi ■[mo I '<><-) <-■ 

147 Mi.ni"Iildl 'I'lini!’.! hr-arin-i I'/N , 10- 

I'.id 'I'fl I’/N w/!'.|>T i ii'i 

F/N 3F0 4;>S'.i- .1 I’h) ,147 

X48 Tlu’unl; Ho.iiinM cionr. S.M’t.ion I4H 

14M Al I < ‘1 na (;o» 'l'< at l..i )w~l*oWi i. 

Opuiati.on 149 

150 Model 2 Alternator Toui[)oraturos at IIii)h-Powor 

Operation 150 

151 Starting Torque - Journal Bearimj - Mini-BRU. . . 151 

152 Startinq Torque - Thrust Bcarinq - Mini-BRU . . . 152 


153 Startinq Torque - Mini-BRU 153 

154 Startinq Torque Comparison Teflon-S/ 

OBD-26 Coatinqs 154 

155 Starting Torque, Journal Bearing, Mini-BRU, 

Coating Cures 155 

156 Journal Bearing Test 133, Power Loss Versus 

Load. 52K RPM, Air 156 

157 Journal Bearing Test 133, Power Loss Versus 

Load, 52K, Argon 157 

158 Thrust Bearing Test 136, Power Loss Versus 

Load, 52K RPM, Air 158 

159 Thrust Bearing Test 136, Power Loss Versus 

Load, 52K RPM, Argon 159 

160 Journal Bearing Test 1?8, Power Loss Versus 

Load, 52K RPM, "Air 160 

161 ilournal Hearing Test 129, Power Loss Versus 

Load, 5 2K RPM, Argon 161 

162 Thrust Bearing Test 140, Power Loss Versus 

Cavity Pressure, 52K RPM, Air 162 

163 Thrust Bearing Test 140, Power Loss Versus 

Cavity Pressure, 52K RPM, Air 163 


X 





or M IONS (i;ont:<l) 


'IMiruiVl: Ho.iriu»i Pt)w<'r IiOmp* V*o r»uri 

(\ivi.ty 1 rr‘f;suro, PM'M, Ar»|oji 

ThrusI l^tMriiio Tor>t 14<), P<»w»m VtM imi; 

C.ivi(y IM » M’.r.u i‘i • , !».!K KPM, Arqon 

jo\iru*il liiMriuo T(\st I i i ^ Powi'r \A*rf;ui» 

Lo.ui, [>.n; RPM, Ait 

Journal Boariivj Tont 1J3, Powor Loss Voisun 
LOiid, ^>2K RPM, Aruon 

Tost Riq Assoinbly, Mini-HRU Foil Thrust Boarinqs 
Windaqo donoration Around the Rotor 

Strain daqod Beam 

Strain cUiqo Bridqo Schomat:'. 

?2 Transducer ln«.iicator 

’liirust Bearinq I’l^st Riq 

Test Riq Assembly, Mini-I^RU Tlirusb Boarinqs, . . 

ilournal Bearinc; ’test Riq 

Mini-BKU Journal Bearinq Torque Versus Speed 
tor 'Phree V’aliK'S of Radius of Out'vature 

Mirii-BRU Journal Bearinq 'Forque Versus Speed 
Lor 4V;o v\iluos oL Sway Space 

Mini-BRU AlLeniaUn' Assembly . * . 

Alternator ]«:i riciency Data 

Wirinq niaqram 

Pomparisen ot Maqnet ie Test Bata to Miai'-Bld) 
Desiqn S»pee i I i ca t ioti 

Pomi>ai i.son ol MiiqiuM ie Test Data iTar TAP and 
Mtui-HRU la q ( > r IUmL ‘Fi c’aL. P i st^s 

Pompioison o! Maqttelie ‘IN'SJ Pala tor '’’AP atul 
Final Mini.~lU\P Hotil Treat Pia^emnu'S 




» 

,1 

r 

.) 


F.i ijuro 
184 

I 8‘. 

18 () 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 
201 
202 


r.Tr.’r nl’ (.U,.U;jTRy-\TION:3 ((.•(tilt'd) 


iJxc i I A 1 i 1 1)1 ( ’liAi Actoi. 1;:1', i )?r. , dhmt (’uA.'iiit, 

No IrOad, l•(lWl•l' F.it’lor 

l;x. i 1 .1 1 i t til ( ’liar A(j t:cr i r, tier: (UniLv Power 
Pacl.or) 

Vcjctor nia.|i am - Un L I y l‘t)wer FacLur , . . . . 

Vector Dicujram, -0.8217 Power Factor 

dalculation Methods for Computing DC and AC 
Modes 

Excitation Characteristics Equivalent AC 
(-0.8924 Power Factor) 

Rice Alternator Magnetic Circuit 

Motor Start Characteristics I 

Magnetic Unt lance - Motor Start Operation . 

Mini-BRU Alternator Thermal Model 

Mini-BRU Alternator Stator Thermal Model . 

Model 1 Flow Arrangement 

Model 2 Flow Arrangement 

Mini-BRU Alternator and Turbine S.implified 
Thermal Model (Model 3) 

Mini-BRU Alternator and Turbine Simplified 
Thermal Model (Model 3) 

Model 1 Alternator Temperatures at High-Power 
Operation 

Model 1 Alternator Stator Temperatures at 
Iligh-l'ower Operation 


I A' |) ' 

I 84 

18 5 
1 86 
i87 

i8F 

189 

190 

191 

192 
192 
191 

195 

196 

197 

198 
1 9 9 
200 


Model 1 Aitornator Teiui.)eratures at Low-Power 
Opera i ion 


Model 1 Alti'rnattn^ SI a I or 'roiii|H.‘raturo!j at 
Low-i^jwc^r Operation 


I 



1 


\ 


vl 


Xll 


UST oi*’ 1 LI.USMMMTIONS (Con1.»l) 


V ujur < ■ 

:^0i 2 A1 1 ♦*rn. itor Tt'iuj mm\u uros *x\ II 

Oporat ion 

,!04 Motiol AHiMiMlor I'.lalor 'roiuf m a a t tn os at 

II oi)i-’I’> »WiS 0|Ha at ion 

?0S Modi^I J Alt i*rnat(M ‘fomi o rat aror. al Iiow-rowoi 

()|H‘ralinn 

.!0(> Miniol ;! Allta tMloi JWatot' ’riauptM iitui al 

low-Powi'r OtuMalion 

207 AllornaliM" aiui TiniiLnc' Tcanpi'/a turo at lliifh 

Power Oporation 

208 Mt)dol 3 A 1 li'nial or dtiiLor Tf'mpi'ra turos at 

H i OpiM'al ion . 

209 IntoiMAice M’urbim'-l t)**Al t ei nalor Iloat Fluxes 

210 Model 2 All.ernalt)!' TtsupcM at lU i'S at ''ield 

Coll Failure Mi>ile 

211 Model 2 Alternator lltator Temperatures at 

Field 1 Fa i lure Modi' 

212 i^tartup Tern} n^ratu res ^ Alternator Section 

213 Startut) TempeiM tureS/ Turbine Section . . . 

214 Soakback Tempi' ra tin es 

215 Soak! ck Tem|>erii t arcs 

216 Mini--HKU Alternator Thernuil Model 

217 MLni-BRU Alternalor St<Uor Thermal Miulel 

218 A I I c rna t ot um a I ui es til how- IN )we r 

Opeiat i on 

219 Alleriuiloi' Slalt>r Tempci\i I m I'S ii I how-l^>wei 

Opel ill i on . . 

2 21 A I I to lui lor Tt'iupei a I ui I'S at II i i| li- ’'owe i 

Ope r a t i ‘ >n 



I ! I 1 i I 


M.S‘r OK I U.IISTUATIONS (CtMltO) 


,’.M AlliMii.OiM .‘O.Ooi TompiMaturo a( II i ah'~Ki>Wt'r 
OpiM at u>n 

AltiMiuitiM Tluam*il MoOol 

«!-M AM«Mnatoi Stali>r TIumiiuoI 

Al t tM nal or TtMupiM at urt'ji ill II i i|h-KowiM* 

0|>iM at i on 

.!*!!> AltiMUiUor Otiitoi ‘IV'mpt'i ii t ui t^n at 11 iiih-PowiM 
0 ]hm ill i t>n 

220 Mini~UKU Al t tMinit oi* Staii>r iUul Roli>i . • ♦ 

227 Mini~MKU Altt'iiuitin *rotO Kiii Assoinbly 

V N loosno ! . . , 


AltiMtuiti'i* Toni Kiq ami 1 nnl i umt'U I ii t i i>n . 
AlliMuatoi Kami I V i>t t ui\it i ^>n Oui vos 
AlliMiniloi no Ki'atl OuritMil Satuiation . . 


i 

1 on i 1 

OiM i' 

1 fi \ ♦ s • 

O i 

i on i 1 


1 .0 s , 

C i 

iiMi i t 

i*ort' 

boss . 


AlliMiiiitoi Koi t oi niaiu’t' iMnu \uM o ! i si i os *11 
Ka I i'il I 'I UM 'll 


PO l.oavi Outit'nl Pal ui til ion, 'l\>iquo, tuui 
iVminmlalioM Ana K' Ti'st Si'lup 


no Kipplo Wa'*ot vM im; . • , 

I n ( on t \y Mia I I \* I .i' 1 I HI tinls 


Ml, (HHI 

OOP:; 

Ml , non 

I 'OK:* 
Ml, IMIO 


' Kiv*o AltiOirilin KtMliMmaiu 


* K;vm' AMiamitiM laMtiMnuiu' 

*’.KM 

* K i I *o A I I o i mil i n ! 'o i I o i m, i Ui * 

CKM 




[ ; i ! i ( 1 I M 1 • 


1 


^ . 


Ficjure 

241 


242 


243 

244 

245 

246 


24'/ 

248 

249 


250 

251 

252 

253 

254 

255 


25b 

257 

258 


25b 


hlST OF IT, LUSTRATIONS (Contd) 

Pago 

CCPS-2 Rico Alteinator Perfiu'manoo 

53,000 

CCPS-2 Rico Aitirnator Poilormancc ^ 

53.000 

CCPS-2 Rico Alternator Porrornumce 

52.000 

CCPS-2 Rico Alternator I’erl ormimco 

54.000 

CCPS-2 Rice Alternator Performance 54,000 



CCPS-2 Rico Alternator Performance ^ 

54,000 

Hookup Diagram for 400-Hr- Motor Tost 247 

Motor Test Diagram 

Voltage, Speed Regulation and Transient 

Tost Diagram 

Hookup Diagram of 400-Ha Motor Test 250 

Locked Rotor Motor Torque 251 

Visual Model of Mini-HRU Rotor 252 

Final Conf iguration of the Mini-HRU Rotor .... 2 j3 

H-Magnetiaing Force in .Ampere Turns/Inch - 

(at/ in.) 

Vacuum Hot Press Facility 255 

Typical As-F.loxi'd Hoiuling Surface 256 

'test Setup in Vacuum Chamber 257 

Temperaturi' Pistrib uti/ni Tc'st Setup, Conical 

C.oiil-PLated Hraaing Sui t aces. Conical 'I’esl 

imi'n . . • • 


XV 




I . p 




LIST OF ILLUSTRATIONS (Contd) 


Page 

260 Conical Tension Test Specimen as Brazed 

(right) and After Machining (left) 260 

261 Conical Tost Specimen (PA-3604144) No. 103 

After Bonding 261 

262 Surface of Test Specimen No. 105 at Bond 

Interface After Heat Treat H7A, SOX 262 

263 Conical Tension Test Specimen PA6304144 
After the H-7A Heat Treat and Tension Test 

to Failure 263 

264 Mini-BRU Alternator Rotor Assembly 

30604369 264 

265 Palniro 7 Braze Alloy Foil Application 

Prior to Bonding 265 

266 Magnetic Configuration Rotor P/N 3604309 

Tension-Proof Test Specimen 266 

267 Comparison of Magnetic Test Data for TAC 

and Mini-BRU Rotor Heat Treat Processes .... 267 

268 Comparison of Magnetic Test Data for TAC 

and Final Mini-BRU Heat Treat Processes 268 

269 Method of Trapping Braze Alloy in Joint 

Voids Using Shims 269 

270 Alternator Stator Vacuum Bake-Out 250®F .... 270 

271 Alternator Stator Out-Gassing at 165®C (330®F) . 271 

272 Differential Scanning Calorimetry Results 

for Number 5 272 

273 Differential Scanning Calorimetry Results 

for Number 12 273 

274 Short Term Experiment of Sample 12C, 400°F . . . 274 

275 Lovv' Viscosity Epoxide Imprecfiiation, 400‘*F . . . 275 

276 GC-MS Experiment fc._‘ Number 12 276 


J 


-J — 


XVI 


LIST OF ILLUSTRATIONS (Contd) 


Figure 

277 Mass Spectrum for Number 12 277 

278 Mass Spectrum for Number 12 278 

279 Epoxy Rosin Number 12 at 300°P (3 batches) . , . 279 

280 Vacuum Bake-Out System 280 

281 Alternator Stator Vacuum Bake-Out 250®P 281 

282 Stator Bake-Out System 282 

283 Vacuum Bake-Out of Third Alternatcr-Stator . . . 283 

284 Final Configuration of the Turbine Nozzle 

and Plenum 284 

285 Elastic Stress Level of the 0.04 in. Thick 

Plenum with Unstiffened Shroud 285 

286 Elastic Stress Level for 0.0^ in. Plenum with 

Stiffened Shroud 286 

287 Elastic Stress Level for 0,05 in. Thick 

Plenum and Stiffened Shroud 287 

288 Vane Cross Section Used in Creep Relaxation . . . 288 

289 Creep Relaxation at Vane T.E 289 

290 Creep Relaxation at Vane Cross Section 290 

291 Creep Data of CB-103 From NASA 291 

292 Two Configurations for the Plenura/Duct 

Juncture 292 

293 Structural Model for the Plenum Cutout 

(boss 1) 293 

294 Stress Levels in Welded and Open Hole 

Configurations 294 

295 Stress Levels Around the Flat Circular 

Cutout 295 

296 Sample Vane for Weld Penetration Evaluation . . . 296 


LIST OF ILLUSTRATIONS (Contd) 


Figure Page 

297 Sample Nozzle Vanes Welded to Various 

Depths of Penetration ..... 297 

298 Full Size C-103 Nozzle Plate 298 

299 Full Size C-103 Nozzle Plate Assembled ..... 299 

300 Full Size C-103 Nozzle Plate Assembled 

and Welded Around Periphery of Blades 300 

301 Interior View of C-103 Nozzle Plate 

Assembly 301 

302 Exterior View of C-103 Nozzle Plate 

Assembly 302 

303 C-103 Plenum Housings 303 

304 Completed C-103 Plenum/Nozzle 304 

305 Completed C-103 Plenum/Nozzle Assembly 305 

306 Thermal Schematic of Model 1 306 

307 Thermal Schematic of Model 2 307 

308 Thermal Schematic of Model 3 ..... 308 

309 Thermal Schematic - Thrust Pad 309 

310 Compressor - End Journal Bearing Schematic . . . 310 

311 Turbine - End Journal Bearing Schematic 311 

312 Cooling Flow Diagram 312 

313 Turbine - End Foil Bearing Isothermal Diagram 

of Unwrapped Foil Lower Power Level 313 

314 Transient Metal Temperatures Sudden Start and 

Stop at Maximum Power 314 

315 Transient Metal Temperatures Sudden Start and 

Stop at Maximum Power 315 

316 Turbine Wheel Stress and Life Information 

for High Power Condition 316 


xviii 







J 


J 


i 


-1. A 1 I 


1111 


LIST OP ILLUSTRATIONS (Contd) 



. . 0 


I 


I 


Figure page 

317 Mini-BRU Scalloped Stress Model 317 

318 Mini-BRU Unscalloped Turbine Wheel Stress 

Model 318 

319 Mini-BRU Turbine Blade Normal Thickness 319 

320 Mini-BRU Blade Angle 320 

321 Turbine Steady-State Temperature Distribution 

at High Power Condition, T^ = 1600°F 321 

322 Turbine Equivalent Stress Disbrition at 

High Power Condition 322 

323 Mini-BRU Radial Stresses Steady-State High 

Power Scalloped Wheel 323 

324 Mini-BRU Steady-State High Power Tangential 

Stresses Calloped 324 

325 Mini-BRU High Power Steady-State, Axial 

Stresses Scalloped Wheel 325 

326 Turbine Equivalent Stress Distribution at 

Room Temperature 326 


327 Mini-BRU Radial Stresses 70®P Scalloped 327 

328 Mini-BRU Scalloped 70“F Tangential Stresses . . . 328 


329 Mini-BRU Axial Stresses 70®F Scalloped 329 

330 Mini-BRU Unscalloped High Power Equivalent 

Stresses 

331 Mini-BRU Unscalloped High Power Radial 

Stresses 331 

332 Mini-BRU Unscalloped High Power Tangential 

Stresses 

333 Mini-BRU Unscalloped High Power Axial 

Stresses 

334 Mini-BRU Unscalloped T = 70®F Equivalent 

Stresses 334 


xix 






I 


I 




i 


I 

i 


! 


r 

V 


{ 




i [ 1 1 I I 1 111 




LIST OF ILLUSTRATIONS (Contd) 


Figure 


335 Mini-BRU Unscalloped T = 70®F Radxal 
Stresses 


Page 


336 Mini-BRU Unscalloped T = 70“P Tangential 
Stresses (ksi) 


337 Mini-BRU Unscalloped T = 70“F Axial 

Stresses (ksi) 337 

338 Mini-BRU Turbine Displacements Relative to 

the Thrust Runner at Higher Power Condition 
Scalloped Design 338 

339 Mini-BRU Acceleration Displacements T = 20 

sec Scalloped Wheel 339 

340 Mini-BRU Unscalloped Turbine Wheel Deflections 

(high power) 340 

341 Mini-BRU Blade Vib 1 Model (meridional view) . . 341 

342 Mini-BRU Turbine Blade Campbell Diagram 342 

343 Mini-BRU Splitter Vib 1 Model (meridional 

view) 343 

344 Mini-BRU Tiebolt Load 344 

345 Rotor Dynamics Model for Mini-BRU 

Turboalternator 345 


346 Effect of Alternator Spring Rate on Mini-BRU' s 

First and Second Critical Shaft Speeds 346 


347 Mode Shape of Rigid Body Criticals for 

Mini-BRU Foil Bearing Engine 347 

348 Critical Speeds Versus Foil Bearing Spring 

Rate for Mini-BRU Turboalternator 348 

349 "Absolute" Bearing Loads for Mini-BRU Rotor/ 

Bearing System 349 

350 Axial Tie Bolt Load 350 

351 Mini-BRU Compressor Impeller Finite Element 

Model 35X 




LIST OP ILLUSTRATIONS (Contd) 


Figure 



Page 

352 

Thermal Gradient for Mini-BRU Compressor 
Impeller 

# 

352 

353 

Displacement Characteristics of the Mini-BRU 




Impeller Due to Rotation, Tie Bolt Loading, 
and Thermal Distribution 

• 

353 

354 

Equivalent Stress Distribution for Mini-BRU 
SS410 Impeller 

• 

354 

355 

Lines of Constant Thickness for Mini-BRU . 
Compressor Blade 


355 

356 

Lines of Constant Stress for Mini-BRU 
Impeller Operating at 120 Percent Speed . . . 

• 

356 

357 

First Mode Shape of Mini-BRU Compressor Blade. 

• 

357 

358 

Second Mode Shape of Mini-BRU Compressor 
Blade 

• 

358 

359 

Interference Diagram for Mini-BRU Compressor . 

• 

359 

360 

Mini-BRU Materials Used in Deflection 
Analysis 

• 

360 

361 

Steady-State Temperatures Used in Deflection 
Analysis 

• 

361 

362 

Soakback Temperatures 4 Minutes Following 
Shutdown 

• 

362 

363 

Sodckback Temperatures 12 Minutes Following 
Shutdown 

• 

363 

364 

Structural Model for the Compressor Inlet 
Flange Loads 

* 

364 

365 

Turbine Back Shroud - Mini-BRU ...... 

« 

365 

366 

Turbine Back Shroud - Mini-BRU . . 

• 

366 

367 

Turbine Back Shroud - Mini-BRU . . . 

• 

367 

368 

Logic Network for Tasks I, II and III 

• 

368 

369 

GDS at 4800 w^. 

• 

369 


1 i 1- I ! 


^1 


I I I 1 i r ; ! 


'f I 


I 



'r 




LIST OP DRAWINGS 


P-rt 



Num TT 


Pago 

240610 

Engine Assembly, Mini-Brayton, Rotating 
Unit, Turboalternator , 

371 

240611 

Engine Installation, Mini-Brayton Rotating 
Unit, Turboalternator 

373 

2045425 

Field and Stator Assembly, Alternator, 
Mini-BRU 

377 

3604021 

Compressor Test Rig Assembly, Mini-BRU . . . 

. 379 

3604334 

Rotor, Thrust 

333 

3604336 

Rotor, Alternator 

385 

3604338 

Bearing, Foil 

387 

3604339 

Bearing, Foil Thrust 

389 

3604340 

Spring, Foil Thrust Bearing 

391 

3604369 

Plenum, Turbine 

. 393 

3604369 

Pole and Separator Assembly, Brazed 
Alternator Rotor 

399 

3604385 

Mini-Brayton Rotating Unit, Materials .... 

401 

3604610 

Test Rig Assembly, Turbine, Mini-BRU .... 

. 403 

3604680 

Simulator, Alternator Mini-BRU . . . 

415 

3605310 

Test Rig Assembly, Alternator Performance, 
Motoring Mapping, Mini-BRU. , . . 

419 

PA3604144 

Tenstion Test Specimen, Brazing Process, 
Alternator Rotor, Mini-BRU. . . . 

421 

SKP32488 

Schematic Internal Instrxamentation CCPS2-1 

423 

SKP32516 

Proposal Reference GDS, Component 
Configuration A 

425 


xxii 


I 


\ 

\ 








i 

1 

j 



j 


j 


t 
















o 


CO 

CO ^ 

igg 


8 


CM 00\ 

• to ^ 

00 o r 

to fMi-A 


to to 4^' 
OU EH b 



P39TH %Z 




CO 

• 

in 

528 

00 

m 

• 

to 

VO 

rH 

i 

1 

• 

(M 

CM 

o 

04 

Eh 





in 

o 



• 

o 


Ot 


• 

rH 

r> 

o 

in 


CM 

in 

HT 

in 

• 


o\ as 
Eh o< 


I I fl 

^ r> 

Pi E^ ^ 


* s 
® 

fl -n 
00 0 ) 

CM X « 




^ hn*^^ '**'’***j|^ 


Figure 6. - Mini-BRU at 4800 W 
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Figure 8. - Compressor Stage Aerodynamic Detail Design Logic. 









Figure 10. - Mini-BRU Compressor Inlet Velocity Distribution. 




Figure 11. - Mini-BRU Compressor Hub Loading 
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Figure 12. - Mini-BRU Compressor Shroud Loading. 
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Figure 13. - Mini-BRU Compressor Blade, Air Angle Distributions 
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Figure 16. - Compressor Impeller Vector Diagrams. 
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Figure 17 . - Compressor Diffuser Flowpath. 









Figure 20. - Incidence Angle ''^'ersus Diffuser Loss Coefficient 
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Figure 21. - Mini-BRU Compressor Diffuser Effectiveness Comparison 
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Figure 25. - Compressor Map of the Original Mini-BRU Compressor 
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Figure 26. - Mini-BRU Compressor - Tost 1, Stage and Impeller 
Total-to-Total Pressure Ratio; Impeller Tota] -to-Static 
Pressure Ratio, lOOV. N/^TT in Krypton. 











Figure 27. - Mini-BRU Compressor - Test 1, 100 Percent i;//e 
in Krypton Work Input Distribution. 
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Figure 28. - Mini-BRU Compressor - Test L LOO Percent 
N, ' FT in Krypton Stage Efficiency Distribution. 
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Figure 29. - Mini-BRU Compressor - Test 1, 
ioo Percent N/v^O in Krypton Impollor 
Efficiency Distribution. 
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Figure 30. - Mini-BRU Comprcasor - Teat 1, 
100 Percent N/ Krypton Diffuser Loss 
Coefficient Distribut ion. 
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Figure 33. - Mini-BRU Compressor - Test I, 
100 Percent N ./q in Krpylon impeller Kxil 
Mach Number Distribution (insi^le blade). 
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Figure 35. - Mini-BRU Compressor - Test 
With Krypton Impeller Shroud Pg 
Distribution. 
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Figure 37. - Mini-DRU Compressor - Test lA, 
70", N/t'^ in Argon, Reynolds Number I'.C facts 
on Performance. 
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Figure 39. - Mini-BRU Compressor Effect of Impeller 
Backface Clearance and Flow Rate. 
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E’igure 40. - Mini-BRU Compressor Effect of Tip Diametor 
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Chango Required to Achieve Original Design Work, 
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Figure 42. - Mini-BRU Compressor Cyoli} Tradc-Of f-Rctiuired 
Compressor REficioncy Increase vs Compressor P]-ossure. 






Figure 43. - Mini-BRU Coifpressor Impeller Rematching 
Study Based on Test 1 Performance Data. 
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Figure 45. - Mini-BRU Compressor Impeller Rematchxng 
Study Based on Test 2 Performance Data. 
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Figure 49. - Mini-BRU Compressor Hub Loading 
Distributions. 
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Figure 51. - 1.5/3 KW Test Rig Diffuser Vane. 
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Fiyure 55. - Contour Diffuser Vane Compressor Test Rig. 
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Figure 67. - Mini-BRU Compressor, Test 3, Stage and Impeller 
Total-to-Total Pressure Ratio; Impeller Static-to-Total 
Pressure Ratio. 
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Figure G8. - Miru.-BRU Compressor, Test 3, 100-: N//^ in Krypton 
(Nominal Clearance) Work Input Distribution. 
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Fiyurc; 69. - Mini-BRU Compressor, Test 3, lOOV, N/M' in Krvpton 
(Nominal Clearance) Stage Kfficiency Distribut ion . 
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Figure 79. - Mini-BRU Compressor, Test 3A, Effect of 
Clearance on Diffuser Performance. 
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84. - Composite Turbine Performance. 
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Ficjure 91 • - Calculation Stations Within the Turbine Rotor 




Figure 92. - Loss Distribution for Turbine Rotor 
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Figure 94. - Overall Loss at the Rotor Fxit Station 





Figure 95. - Final Turbine Vector Triangles 

























Figure 98. - .*lini-BRU Rotor-Hub Streamline Loading 
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Figure 101. - Effects of Backface Clearance on Scalloped 
Rotor Performance. 
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Figure 105. - Inlet Stator Loading 
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Figure 107. - :iini-BRU Diffuser 
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Figure 117. - Ilini-BRU Turbine Stator Flow Test 
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Figure 125. - Mini-BRU Turbine Cold Air Test Corrected 
Flow Versus Pressure Ratio. 






Figure 126, - Turbine Performance in HeXe 













Figure 128. - Turbine rerformance in He2 





Figure 129. - Turbine Performance in 





















Figure 133. - Turbine Clearance Effects on Stage Performance. 
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Figure 134. - Static Pressure Me.i juroments . 
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Figure 136. - Local Static Pressure Distribution in the Diffuser, 




Figvxre 137. - Local Stat; 
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Figure 140* - Thrust Bearing Spring* 









Figure 143. - Engine Asserably Mrni-Brayton Rotatir 
Turboalternator . 
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Figure 144. - Mini-BRU Rotating Group Bearing 
Spacing . 
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Figure 146. - Ilini-BRU Bearing P/N 3604183-2, 
8 Totlon-S Foils, 6.0 Mil (Total) Thick, 
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Figure 150. - riodel 2 Alternator Temperatures at High-Power Operation. 
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Figure 153. - Starting Torque - Mini-BRU 








Figure 154. - Starting Torque Comparison Tef lon-S/OBD-26 Coatings. 







Figure 155. - Starting Torque, Journal Bearing, Mini-BRU 
Coating Cures. 
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xe 197. ~ Mini-3RU Alterrxator a. id Turbine Simplified 
.armal Model (Model 3) . 

































17. 1 WATTS 



Model 1 Alternator Temperatures at 






ZJS DAMPER RING 





& 

H 

i 

w 

tu 

S 

w 

H 




0 ) 

0 ) 

rd 

< 1 ) 

Q) 

[H 


O 

4 J 

td 

-p 

CO 


0 

<d 

p 

0 ) 


H a 
0 

(H *H 
0 ) 

fd 

0 M 
^ G) 

CU 

1 O 


• u 

cN a) 
o ^ 
CM O 
04 

^ 1 

M 15 

^ Q 

tni4 

*H 

Cm 







































DAMPER RING 





















X^C, r DAMPER RING 



^ — W' 
H 
OZ 
W 
S 

<S j 

to ? W| 


"V — to 
v;SW 

“ii 

lio ^ W 


k- 


J _1 



|«l <r 

M\| fO 


iSj 


isa 


o 

M 

H N 
OOZ 

“P 

gia 

w ^ w 







DAMPER RING 
















NODE TEMPERATXJRE 

























199 














DAMPER RING 



Figure 217. - Mini-BRU Alternator Stator Thermal Model 
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Figure 223, - Mini-BRU Alternator Stator Thermal Model. 
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Figure 238* -- CCPS— 2 Rice Alternator P©rformance 50^000 RPM 
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Figure 246. - CCPS-2 Rice Alternator Performance 54,000 RPM 




Figure 247. - Hookup Diagram for 400-Hz Motor Test. 
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Figure 249 . - Voltage, Speed Regulati 






Figure 250. - Hookup Diagram of 400-Hz Motor Test 

































Figure 252. 


- Visu.il Model of Mini-BRU Rotor 
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Figure 254. - H-Magnetizing Force in Ampere 
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Figure 262. - Surface of Test Specimen No. lo'"-. at 
Bona Interface After Heat Treat H7A sox 
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PiMurc 270. - Alternator Stator Vacuum Bake-Out 250»F 
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Figure 272. - Differential Scanning Calorimetry 
Results for Number 5. 
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Figure 273. - Differential 
Results for Number 12. 
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Figure 285. - Elastic Stress Level of the 0.04 in. Thick Plenum with 
Unstiffened Shroud. 




Figure 286 • *- Elastic Stress Level for 0.04 in. Plenum with Stiffened Shroud 
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Figure 300. - Full Size C-103 Nozzle Plate Assembled 
ind Welded Around Periphery of Blades. 


1 


' 300 

I 

-■^1- J J 



V 






Figure 303 


C-103 Plenum Housings 


Ml‘-h 






A IK( ■ ,f AK 


H MATJl n A(M 
. . ‘ X . AUl/CUJA 


l)\\J\' .ION 





Figure 306. - Thermal Schematic of Model 
















SHOWN WITHOUT SCALE IS ONE SECTOR OF FOILS 
FACING THE TURBINE SIDE OF THE THRUST RUNNER.) 












Figure 311. - Turbine - End Journal Bearing Schematic 
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Figure 312. Cooling Flow Diagram, 
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Figure 313. - Turbine - End Foil Bearing Isothermal 
Diagram of Unwrapped Foil Lower Power Level. 
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Figure 314. - Transient Metal Temperatures 
Sudden Start and Stop at Maximum Power. 
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ure 316 . - Turbine Wheel Stress and Life Information 
or High Power condition. 






Figure 318. - Mini-BRU Unscalloped Turbine Wheel Stress Model 












^ AAJSUSf) 




Figure 321. - Turbine Steady-State Temperature Distribution 
at High Power Condition, T. = ISOO'^F. 






Figure 322. - Turbine Equivalent Stress Distribution 
at High Power condition. 
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Figure 331. - Mini-BRU Unscalloped High 
Power Radial Stresses. 
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Figure 332 . - Mini-BRU Unscalloped High Power 
Tangential Stresses. 
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Figure 333. - Mini-BRU UnscalLoped High 
Power Axial Stresses. 
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Figure 337. - Mini-BRU Unscalloped 
T - 70°F Axial Stresses (ksi) . 





► XOlOO' 
leeoo' 











0 

10.000 20.000 20.000 40.000 50,000 

ItBVOLUTIOHS PER MINUTE. RPM 

60.000 


Figure 

342. - Mini-BRU Turbine Blade Campbell 
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Figure 345 . - Rotor Dynamics Model for Mini-BRU 
Turboalternator . 







Figure 347. - Mode Shape of Rigid Body Criticals 
for Mini-BRU Foil Bearing Engine. 
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Figure 350. - Axial Tie Bolt Load 
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Figure 35b, - Fines ot Const. ini Stress for Mini-HKU 
Impeller Operating at 120 Percent i^pee J , 
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Figure 357. - First Mode Shape of Mini-BRU 
Compressor Blade. 
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Figure 366. - Turbine Back Shroud - Mini-BRU. 
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Figure 367. - Turbine Back Shroud - Mini-BRU. 
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Figure 368. - Logic Network for Tasks I, II and III- 
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a. ft^DlOOftAPHlC INSPCCT FlWSHEO PART h 

PER MH.-ST0-453. RA0105RAPHIC SENSITIVITY I 

(e-ET) fOI? PORES UNDER .010 INCH IN 

S«xe WITH A MMlMUiil INOICACTION Stic 
NOT GREATER THAN 20% OF IIAETAU THICKNESS L2J 

OR 0.0* IN. WHICHEVER iS LESS. INCLUSION 
SPACING SHALL NOT BE LESS THAN 
THREE ( 3 ) TIMES THE S^ETAL THICKNESS ANO 
NO MORE THAN THREE(3» INCLUSIONS PER INCH. 

7- identification AND TRACEABILITY REQUIRED. LOT CONTROL TO 
0£ established with raw material per AIRESEARCH MC-5014. 

G. identify PACKAGING WITH AIRESEARCH PART NO., LOT NO. '•«!> ACCEPTANCE STAMP. 

A CARBURIZE NOTED S'-'RFACES PER AIRE">EaRCH HT 5042, TYPE H, 

Cl3. case depth ,Oi 5-.0?0 CORE HARDNESS Rg 33*43» 

A MARK PART NO., ANO LOT Nft PER AIRESEARCH MC 5014, CLASS H A. 

3 . CLEAN PER AIRESEARCH AF SAGS 

2. all OVER 

•i. SMU IWCM TO AICSEAaA XSU MCHIIO FUTWES . 
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MT ym r.o wjacent te£t«. 
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,m« row NEAREST TO 
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Part C 

3c» 64-^SC^ Koa7a-».oaaz 

3feO<^^<.>^|uo^T4-^q^ Ml itLOOUT FW..;# 

t friKiISM PRIOR. TO ^4 

FOR.-aOMi-N' -TWIM OEM^e. C-WROI^e. PUATTe. 
EIakoEQ Per A.iReseA<RCM EMS&^4■A.3, 
.0004. - .0004- TW(C»<,. >^0 Se\NiO»Ni<3> 
PEKtwAI-SSl&l-e. A'=^TE«- PuA-rtN*G>. 

POR- ZOMi-V AFTCK PLCkTlNQ > GUA^S BEAD PEE Si 

t Ee3 0»ft'S FOR U\0 M»M OISTAMC6 US»NG 
.002.-.004 0»<A BEADS A»NO 40 PS» TO OBTAIN A 
UNtFORI^ surface appearance. 
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caution: MAliE CERT7UN THAT l.8feO(ReF) DIM, OElSiNATES FROM RRATtD JOINT AS SHOWN, 

IDENTIFY PACEAGINO WITW AIRESETAeCH PART NUMSEB, 

I or NUMBER , SeeiAU NUMBEE AND ACCEPTANCE STAMP. 

CLEAN PER AIRESEARCH C SO 4- 1. PACKAGE IN CLEA.N DRV CONTAINER.. 

IDENTIFICATION AND TRACEABIUTV REQUIRED. LOT CONTROL TO BE ESTABLISH^ 
wrm RAW MATERIAL AND USE SEPlALITATiON PREVIOUSLY ESTABLISHED ON FIND NO. (y. 

SIMU.KR TO 3C0429S. 

MARC PART NUMBER, LOT NUMBER AND SERIAL NUMBER 
PER AIRESEARCH MCS0I4, CLASS EB. 

ALL AREAS WHERE MATERIAL HAS BEEN REMOVED FOR. BACANClNO 

MUST FAIR SMOOTHLY AND WA'VE ^ CORNERS MUST NAME .015 RMlN, 

DO NOT R.6M0VE MATERIAL DEEPER THAN SHADED AREAS. 

OniAMlCALLY BALANCE ON \ TO AN 
accuracy of .ooti OZ. IN. IM PLANE M 
ACCURACY OF.ooZo OZ. IN, IN PLANE N 

ALL OVER 

SP!1 LWOfil TO UlttsaiiOl' StWOl *CH1»? fMTUPiS 
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II. coi^Tnou Re<aoi<5£0 Pe£ fi»*R»c«r»0M 

ANO IMSP. £PtC S»“Z”lCi7. 

• <» 

jo: ^CE-TL. <Z^'J.>ifc..Pote, ' 

r. ■. ^A*r FATTEiers cskta when X 

r' PHO*n3 ETCH FA&ejCAT«OM " 

^lH-F goCfc^^ 1^ t«»eja. .025 - .025 , 

im:-_ - .015 *.015 

Z-~ _ _:__1 . TTP 2 PLACES 

a V«*j»UAL.UY INE»P«C.T WeL.O?» UNt?E«2, 

I. ZO >» MACa Ml FI CATION , PIT«y, Ey-fULSlOuS, /_ 
Z CeAOC^ OE UlUEAE IUC>ICATI0KJE» 

- «3HAU_ R>aCAcr5E FOB. eSJECTlOO. 
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-SHARP 
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a lOEM'nFlCATlOKANOTRACEABU.m’ REQO. LOT CDKTROL 
TO BE ESTABUSUEO WITH mAT&Zj/»>U. 

SERIAUl/VTION TO BE ESTABL1SHE.6 WITH COMPLETION OF 
PART. SERIALIIE SETS OF S AS S/N-IA,IB,ETC. 

HANDLING, INSPECTION < CLEANING SHALL BE IN ACCORDANCE! 
WITH AIReSCARCH AF54G5 AND PACKAGE IN U MPARTMENTCD 

RIGID Plastic or cardqoard containers in sets of a. 
^/ATBEJAL.TO (DC TVpe BoJZ, comoiT.om 3/4. HARO MiN. 
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HELD PER WRESEARCH W65'j05Z,CL A ANY CLtAMlWG tW 
5HAU. BE IN ACCORDANCE VIITH AIRESEARCH AFSA'i'. 

PART NO., LOT MC AND SERIAL MO. PER AIRESEARCH MCSOH.aE A 
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' l^StnOM«» ‘SH.OJJIS _1_ 

SClJSnaUAL. in^»psct vjelo» UNDEJ^ \ 

ZT ‘ 20 >kMA<&Nl FI CATION. EXP^Jl-^’ON, \ 
- • PITS, CRACKS OR LINEAR. \ 

IMaCATlONS SMALL &E CAOSE. 

FOE EE.*iECTlon. 

8 IDEKTIFICATIOM AMO TRACEABILITY READ. 

urr comtrol to be estabusheo witw 

VEHDOR MATERIAL. SERIALlTATlON TO BE 
ESTABLISHED WITH COMPLETION OF PART. 


'I configuration 




.010 MAXQIIP 
TfP 


r«i 4PorwBLMC.ok 9f>ce.o 
S. APPeOK. AS StteHJO 


-2 CONFIGURATION 


.06 Mk% 

TEFLOH COATING TO 
BE REMOVED FROM 
THIS AREA PRIOR 
TO WELDING 


Et6TL'aiaCLA'9S9-Sot St&V. N/C F3«.FLArPKn«N tsATA 

YIHEN photo etch fabrication process IE used. 

aEAN PER AIRESEARCH AF&4G5 AND PACKAGE IN CLEAN 
QDMPARTMEMTED RIGID PLASTIC OR 

MATERIAL TO SC CBES PCSC(S'0<S SrteET STOCIC 

ttSTo TH(CVi.*JesSTOLE<£AUOE.) 

MtUOMUM y*. KAaO COkJOtTlC«-J 

COAT ONE SURFACE ONLY OF (2) WITH TEFLON’S* iX)09-.OOI2 

THK PER AIRESEARCH AF 54-<sT S)CRFACE FINISH APPLICABLE AFTER COATING 

ViELD PER AIRESEARCH 'WBS SOS2,CL A . ANY CLEANING SHALL BE IN 
ACCOROAN'-E WITH AIRESEARCH AF 5AS3. 

AkRT NUAISeP^LCT NO. AND SERIAL NO ^ER AIRESEARCH NCSOI'^ , CL 'll A 
MU. CffPOr TO *lltS£.«C« SCSOC SHEET (ETA 


WELDING OETAII 
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7 IDE MTr» FI CATION 4 TI^^CEA8^L^rV REQB. U3T CONTROL TO BE 
ESTABLISHED WITH MATERIAL. SERIALIZATION TO BE 

. ESTABLISHED WITH COMPLETION OF PART 

MATERIAL. To EE. CBE& aoZ« F*BeOS>iOO ‘SHE.eT ^TOC*<_.OZ<OTMlC. 
X* 5>% THICKNEt*^ T<»LEeAKJCe.) IKI MINIMUM >i HARO GDUO. 


S. CLEAN PER AIRESEARCH AFS44B AND PACKA6E IM 
COM PARTME.NTEO RI^ID PLASTIC. OR CARDBOARD 
COMTAINER. 

4 SEE tr3G04-'340-l REV.n/g FOR FLAT PATTERN DATA 
_ WHEN PHCJrO-E.TCH FABRICATION PB 0 CF .55 IS USED 

A ^ ‘ ■ 

^ PART NO., LOT MO. 4 SERIAL MO PER AIRESEARCH MCB014 CLASS 1 A 
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lOCNTinr PAWASINS WITH AlReseA5CH PART WUMBEB, LOT NUMBEK, SCT21AL 
NUMBER AMO ACCERTANCe STAMP. 


B. RAOIOGAAPHIC INSPECT BKA£C PER MIL-STO-4SS. RA0IO6RAPHIC SENSITIVITY AND 
acceptance CRITERIA DEFINED iN BRAZE AND RSXESS SPECIFICATION («£F NOTE A ). 


4 . CLEAN PER AiRESEARCH AFS4fi)S. 


3. IDENTIFICATION AND TRACCAaiwiTV REQUIRED. LOT CONTROL ID SC ESTABLISHED 
WITH RAW V.ATCRIAU AND USE SERlAuiZATION PREVIOUSLY tSTASLiSHED ON FIND NO, 0. 

A MARK PORT \»>'3E8» LOT NLWI8ER ATO SERIAL NUMBER PER AiRESEARCH MC50I4. CLASS HB. 

A AFTER ALICVN6 NDEX MARKS, SR ■‘CE AND PROCESS PER AIRESEARCH £M$ SZ44.6. 
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